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Large Variety In Material Type And Cost
Matrix: type, cost, properties

Reinforcement: shape, material, cost 

Promising Advantages
Much lower density than metals

Excellent specific strength and stiffness to weight ratio

High damping & fatigue endurance

Low thermal coefficient

Good corrosion resistance 

Potential Application For Lightweight Energy Absorbing 
Materials

fiber Matrix
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Mechanisms For Dissipating Energy
Delamination

Plug punch-out

Resin matrix cracking

Fiber pull-out 

Fiber fracture 

Interfacial Adhesion Between 

Matrix & Reinforcement

Impact Performance Structural Integrity
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Matrix
Mechanical Properties

Chemical Properties

Physical Properties 

Reinforcing Fiber
Types of Fiber

Thickness/count

Weave type

Finish/sizing

Interfacial Adhesion
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Investigate The Effects Of Four Glass Fiber Finishes On 
Mechanical Properties And Low/High Speed Impact 
Performance

Greige

Heat-burnt

Volan

Silane

Correlate The High Speed Impact Properties With 
Mechanical Properties

Correlate The High Speed Impact Properties With The 
Interfacial Adhesion (To be done in the near future)
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Matrix Resins
Polypropylene Film

Polyester resin system
98.5 wt% Aropol® 7241T-15 (46% styrene)/1.5wt% Methyl ethyl 
ketone peroxide (MEKP)

Vinyl Ester
98.12wt% Derakane 411-350/1.5wt% MEKP/0.03wt% 2,4-
Pentanedione/0.05wt% dimethylamine/0.3wt% cobalt naphthenate

Glass Fiber: Hexcel® 1581 Series Glass Fiber Fabrics
Fabric Finish Weave Weight Thickness

1581-F12 None (Heat-burnt HB) 8H Satin 298 g/m2 2.16x10-4 m

1581- GR Greige 8H Satin 298 g/m2 2.16x10-4 m

1581-F16 Volan 8H Satin 298 g/m2 2.16x10-4 m

1581-F69 Silane 8H Satin 298 g/m2 2.16x10-4 m
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Warping

Slashing

Entering

Weaving

Heating

Finishing

1581- F69

(Silane)

1581- F12

1581- F16

(Volan)

1581- GR



9Unclassified

For Fabricating PP Composite Specimens

Vacuum Hot Press

Evenly Distribute And Lay Up 
Fabric Sheets And PP Film Based 
On The Requirements Of The 
Thickness And Fiber Content

Put Closed Mold Into 
Compression Press

Compression Mold At 235°C 
Under 1.5 MPa For 70 Min

Cool Down And De-mold
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For Producing Polyester Or Vinyl Ester Composite Specimens
Resin Resin Inlet Vacuum Bag Trap Pump

Steel Mold
Fabrics

Release Film
Breather
Flow Channel

Resin Resin Inlet Vacuum Bag Trap Pump

Steel Mold
Fabrics

Release Film
Breather
Flow Channel

Steel Mold
Fabrics

Release Film
Breather
Flow Channel

Process 
Lay down glass fiber, peel ply,

and flow channel

Place vacuum conduit around                                                             
mold, hook conduit end to                                                     
vacuum pump

Seal the set-up and resin inlet 

Turn on pump (achieve >1 torr vacuum)

Formulate resin and connect resin inlet to resin mixture

Start resin infusion

Stop the pump when the infusion is completed
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Universal Tensile Tester
200KN Capacity

Standard
ASTM D3039
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Universal Tensile 
Tester

10KN Capacity

Standard
ASTM D790
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Sample: ¼” panels

Instrumented Impact 
Tester

Speed up to 10 ft/s

Standard
ASTM D3763

Tup
A custom designed 
impact tup
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Sample: ⅛” panels

Standard

Mil-STD-662F

High Speed Impact 
Projectiles As Per Mil-
STD-662F

Data Collection

Velocity (V50) and Impact 
Energy at 50% probability 
of penetration

Impact Energy Absorption
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3.2mm Thick  Composite Specimens

Reinforcement Finish Matrix Fiber Content (%)

Hexcel 1581-F12
Heat Burnt
(No Finish)

PP 71.0

Polyester 70.0

Vinyl ester 66.2

Hexcel 1581-GR
Greige
(Starch and Oils)

PP 67.0

Polyester 65.6

Vinyl ester 71.2

Hexcel 1581-F16 Volan

PP 64.0

Polyester 69.0

Vinyl ester 65.2

Hexcel 1581-F69 Silane

PP 70.0

Polyester 64.7

Vinyl ester 66.2



17Unclassified

Effects of Matrix Resins And Glass Surface Finishes

PP Has Significantly Lower Flexural Properties

Volan Finish Has Highest Flexural Properties
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Effects of Matrix Resins And Glass Surface Finishes

PP Has Slightly Lower Tensile Strength and Modulus

Volan Finish Has Better Overall Tensile Properties

0.0

100.0

200.0

300.0

400.0

500.0

None Greige Volan Silane

Te
n

si
le

 S
tr

en
gt

h
 (

M
P

a)

Finish

PP

Polyester

Vinyl ester 

0.0

5.0

10.0

15.0

20.0

25.0

None Greige Volan Silane
Te

n
si

le
 M

o
d

u
lu

s 
(G

P
a)

Finish

PP

Polyester

Vinyl ester 



19Unclassified

Effects of Matrix Resins And Glass Surface Finishes
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Effects of Temperatures On PP Composites

Greige Finish Has Best Low-Speed Impact Performance

Impact  Performance Decreases With Increase In Temperature
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Effects of Temperatures On Polyester Composites

Greige Finish Has Best Low Speed Impact Performance
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Effects of Temperatures On Vinyl Ester Composites  

Greige Finish has Best Low Speed Impact Performance

0

2

4

6

8

None Greige Volan Silane

P
ea

k 
Fo

rc
e

 (
K

N
)

Finish

-53.8°C

Room temp.

71°C

0

3

6

9

12

None Greige Volan Silane
A

b
so

rb
ed

 E
n

er
gy

 (
K

g.
m

)

Finish

-53.8°C

Room temp.

71°C



23Unclassified

Low Speed Impact Performance At Ambient

Greige Finish: Highest Low Speed Impact Performance
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V50 And V50/Areal Density for 3.2mm Samples

Greige Finish Has Highest High Speed Impact Performance

PP Composite Has Highest High-Speed Impact Efficient  
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Impact Energy And Impact Energy Per Areal Density for 3.2mm Samples

Greige Finish Has Highest High Speed Impact Performance

PP Composite Has Highest High-Speed Impact Efficient  
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Impact Energy Comparison at Ambient for 3.2mm Samples

Results From Low Speed Impact Can Not Predict High Speed 
Impact Performance Between Different Resin Systems
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Impact Energy Absorption 
Increases With Projectile Velocity

Greige Finish Has Higher Impact 
Energy Absorption

PP Resin Has Lower Impact 
Energy Absorption
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Impact Energy Is Nearly Proportional To Tensile Strength

y = 0.0004x + 0.2027
R² = 0.73
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No Obvious Correlation With Tensile Or Flexural Modulus

y = --0.0264x + 0.6662
R² = 0.73

y = -0.0091x + 0.406
R² = 0.93
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No Obvious Correlation Observed

y = 0.0319x + 0.2157
R² = 0.79

y = -0.0156x + 0.2685
R² = 0.51

y = -0.0206x + 0.2853
R² = 0.26
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Impact Energy Comparison at Ambient

Results From Low Speed Impact Can Not Predict High Speed 
Impact Performance Between Different Resin Systems
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Surface Finish On Glass Fiber Fabrics Affects 
Mechanical Properties As Well As Impact 
Performance Of Resulted Composites

GR Finish Results In Higher Impact Resistance

Despite its Low Mechanical Properties, PP 
Composite Has Better Impact Resistance

Tensile Strength May Be A Critical Factor For 
Attaining High Impact Resistance
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 RDECOM-TARDEC: US Army’s Tank 
Automotive Research, Development & 
Engineering Center
 Contract Number: W56HZV-09-C-0569

 RDECOM-ARDEC: US Army’s Armament 
Research, Development & Engineering 
Center 
 Contract Number: W15QKN-08-C-0533
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Any Questions?


